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Kinetic studies with the diamond anvil cell (DAC) 

GWLee - PhysRevB.74.134112 

Methods: 
 

• Fast compression with 

gas membrane 

 

• Piezo electric actuator 

driven diamond anvil 

cell (dDAC) 

d-DAC is capable of precisely controlling pressures and compression rates, which 
enables kinetic studies nearby the phase boundaries  
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Time scale of dynamic phenomena 

dDAC with 3rd gen x-ray light source 

GShen – ESRF dynamic workshop 2013 
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Dynamic diamond anvil cell (d-DAC) 

Dynamic DAC 
 conventional DAC + piezo actuators 
 Accessible pressure range: 0-350 GPa 
 Precise control over pressure and compression 

rates 
 Rapid compression rates 1000 GPa/s (DESY/ECB 

dDAC) 

dDAC probes compression rate dependence of phase 
transitions along isotherms 

High temperatures 

accessible by 

resistively heated 

diamonds or double  

micro-heaters 
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Dynamic diamond anvil cell (d-DAC) 

DETECTOR 
Pilatus (Low Background) Perkin Elmer 

(HB) 

LAMBDA@DESY 

(Low noise) 

model 100K 300K 1M XRD 1621 

Active size(pixels) 487 x 195 487 x 619 981 x 1043  2048 x 2048 1536 x 1536 

Pixel size (mm) 172 200 55 

Energy Range (keV) 3-30 20-450 

Quantum efficiency 80%-99%(8keV)-12% 

Readout time (ms) 2.7 3.6 3.6 0 

Frame rate (Hz) >200 200 30 15-30 2000 

Dynamic DAC 
 conventional DAC + piezo actuators 
 Accessible pressure range: 0-350 GPa 
 Precise control over pressure and compression 

rates 
 Rapid compression rates 1000 GPa/s 

Time resolved x-ray diffraction 
 3rd generation synchrotron (APS,  DESY) 
 XFEL (>20 keV) 
 Fast Detectors 
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Dynamic diamond anvil cell (d-DAC) 
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Dynamic DAC 
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 Precise control over pressure and compression 

rates 
 Rapid compression rates 1000 GPa/s 

Time resolved x-ray diffraction 
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Force requirements for multi-megabar pressures 

Force on the piston : 

• 10 kN on the piston generates 320 

GPa with a 30/300 culet and only 

160 GPa with a 100/300 culet 

Assumptions: 

• all the compression will be 

performed by the piezo actuators 

[no-pre pressurization with 

membrane] 

• Start with a 20-23 µm thick gasket, 

sample at ~10 GPa  expect at 

least 15 µm expansion of the piezo 

actuator 

 
Static compression  

0 200 400 600 800 1000 1200 1400 1600

0.0 1.8 3.7 5.5 7.4 9.2 11.0 12.9 14.7

0

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

320

Force on the piston (kN)

75/300 Ne

100/300 Ne

100/300 minoil

30/300 Ne

300 Ne

S
a
m

p
le

 P
re

s
s
u
re

 (
G

P
a
)

Membrane pressure (psi)

For multi-megabar pressures  piezoactuators need to deliver  more than 10 kN 
force (when expanded at max pressure in the dDAC assembly) 
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Aim to deliver more than 10 kN for single piezo 
and close to 20 kN with 3 piezo configuration 

PSt 1000/16/60, 1kV 7A: 
Blocking force: approx. 5…6 kN [1500-1900 psi eq.] 
Electrical rise time for 3 actuators: 450 μs  

1x HPSt 1000/35-25/80, 1kV 7A: 
Blocking force: approx. 10…11 kN  [~1200 psi eq.] 
Electrical rise time for 3 actuators: 370 μs  

Compression rates of 1–3·102 GPa/s can be achieved  
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Metastable high-pressure phases at low pressure 
are observed under rapid compression in H2O 

HDA 

water 

Metastable  

Ice VII Ice VI 

water 

Water + ice VI 

Water 

solidification 

Ice melting 

l 
or 

P 

time 

R1 

R2 

Geun Woo Lee, William J. Evans, and Choong-Shik Yoo, Phys. Rev. B 74, 134112, (2006). 
Geun Woo Lee, William J. Evans, and Choong-Shik Yoo, PNAS 104, 9178, (2007). 
Jing-Yin Chen and Choong-Shik Yoo, PNAS 108, 7685, (2011). 

Pressure range: 0.6-1.9 GPa Pressure range: 0.2-1.3 GPa 

Increasing  

          
rate  

compression 

Ice VI 

Crystal texture and growth 

direction is dependent on 

compression rates 
Slide from J.Y Chen 
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Compression rate dependence on phase transition 
pressure in Kr and KCl 

Journal of Applied Physics 119, 045902 (2016); 

Strong compression-rate dependence of 

the solidification/melting process in liquid 

Kr. 

J.Y. Chen et al – PHYS. REV. B 90, 144104 (2014) 
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Bismuth phase diagram – compression path 

Phase transition pressures static:  
III 2.5 GPa;   IIIII: 2.7 GPa;   IIIV 7.7 GPa  
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Bismuth phase diagram – compression path 

High Pressure Research, 2004, 24, P319 

Phase transition pressures static:  
III 2.5 GPa;   IIIII: 2.7 GPa;   IIIV 7.7 GPa  
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Under dynamic compression phase lines shift 
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Kinetic studies of Bismuth I-II-III-V phase transitions 
4 GPa/s 

Bi-IIIV phase transition pressures shifted higher to 8.2 GPa at 4.2 GPa/s compression rate 
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Kinetic studies of Bismuth I-II-III-V phase transitions 
1041 GPa/s average compression rate 
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Bismuth summary 
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Complex phase diagram of Ga 

Ga-II cannot be accessed in nDAC by isothermal compression 

bcc/orthorhombic 

tetragonal 
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Liquid solid phase transition in Ga 
phase contrast imaging and x-ray diffraction 

Ga-I  liquid  

NaCl 

X-ray phase contrast imaging of Ga-I  
liquid phase transition 

(500 ms sinusoidal modulation 0.05-1 GPa)  

In
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y
 

Energy dispersive x-ray diffraction patterns taken 
at light (blue) and dark (black) regions of the Ga  
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